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Abstract 
This study used a reaction time (RT) based keep-track task to investigate whether or not 
trait anxiety or depression are associated with working memory updating.  The dependent 
variables were RT for within-trial update completion, RT and accuracy measures for probe 
response, and recall accuracy for the most recent words from each category.  The effects of 
anxiety on within-trial update RT and probe response RT were not significant.  However, there 
was a trend such that RT for completion of working memory updates was slower for subjects 
with higher levels of anxiety symptoms. Results indicate a relationship with trait depression such 
that that RT was significantly faster when the presented word was not relevant to the categories 
displayed in current length of trials.  Final recall accuracy was high, and there was no association 
with anxiety or depression.  Data collection is ongoing, and these relationships will likely 
become clearer as sample size increases.   
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Effects of Trait Anxiety and Depression on Working Memory Updating 
Individuals who regularly experience symptoms of anxiety and depression may find 
themselves struggling with daily mental tasks.  A major component of these unavoidable 
cognitive tasks is executive function (EF).  EFs are a set of general cognitive control and 
information processing operations that can be further divided into shifting, inhibition, and 
updating (Miyake & Friedman, 2012).  EFs are necessary for concentrating, directing attention, 
and maintaining goals (Miyake & Friedman, 2012).  Cultivating a useful understanding of how 
anxiety and depression interact with EFs has been the subject of much empirical exploration at 
clinical (Snyder, Miyake, & Hankin, 2015) and subclinical (Eysenck, Santos, Derakshan, & 
Calvo, 2007) levels of analysis.  Focused research, which isolates specific EFs, is timely as there 
has been little evidence to indicate that anxiety and depression are associated with deficits across 
all aspects of information processing (Gotlib & Joormann, 2010).   
Within the body of work that focuses on specific aspects of EF, there is a 
disproportionately low amount of study which explores the relationship between anxiety, 
depression, and WM updating (Snyder, Miyake, & Hankin, 2015).  WM updating can be defined 
as the manipulation and deletion of information stored in WM (Miyake & Friedman, 2012).  
Despite this previous lack of emphasis, emerging research indicates that trait anxiety may have a 
systematic relationship with the processing efficiency of updating (Gustavson & Miyake, 2016).  
In other words, anxiety may affect the way mental information is manipulated in such a way that 
individuals would have to expend more time and cognitive effort to complete mental tasks. 
Additional research also indicates an effect of depression on EFs in situations where 
subjects are required to ignore emotional valence of material (Gotlib & Joormann, 2010).  The 
following study will evaluate possible relationships between trait (as opposed to state) anxiety 
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and depression on the manipulation and deletion of emotionally neutral information stored in 
WM.  
Associations of Anxiety and Depression on WM Updating 
Anxiety and WM updating.  The most influential theory that endeavors to explain the 
relationship between anxiety and EF is Attentional Control Theory (ACT; Eysenck et al., 2007).  
ACT proposes that anxiety is systematically related to impairments in shifting and inhibition.  
However, ACT suggests that updating is not directly related to attentional control as updating 
involves manipulation of information stored in WM rather than top-down goal maintenance 
processes.  Therefore, the effects of anxiety are thought to have a weaker effect on updating.   
ACT specifically states that the processing efficiency of updating (often measured with 
reaction times [RTs]), will be affected more than performance effectiveness (often measured 
with accuracy).  This means that anxiety will affect the way information is mentally manipulated 
to a greater extent than the outcome of those processes.  Therefore, the relationship between 
anxiety and fundamental updating mechanisms may remain unobserved if only accuracy based 
outcomes are measured (e.g. recall accuracy). 
Applying appropriate methods to examine the relationship between anxiety and updating 
has been a challenge within recent literature.  Some of the most prominent methods used to 
evaluate EFs are WM span tasks.  However, the outcome measure of WM span tasks, accuracy 
of information stored in WM, does not evaluate the way information was manipulated.  Nuanced 
analysis of cognitive processing may not be possible if only accuracy data are used.  
Additionally, the initial WM span tasks reviewed by Eysenck et al. to evaluate updating may not 
appropriately assess processing efficiency of updating because WM span tasks predict behavioral 
outcomes based on several cognitive domains, such as reading comprehension and problem 
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solving, rather than specific aspects of cognition (Conway, Kane, Bunting, Hambrick, Wilhelm, 
& Engle, 2005).   
Despite the notions set forth by ACT, emerging research indicates that trait anxiety  is 
likely to have a systematic effect on the processing efficiency of EFs even if emotional valence is 
neutral (Basten, Stelzel, & Fiebach, 2012; Gustavson & Miyake 2016).  For example, evidence 
indicates anxiety is systematically associated with worse updating RT on trials where removal of 
information is necessary (Gustavson & Miyake).  In light of such recent evidence, this study 
seeks to isolate influences of anxiety on WM updating.   
Depression and WM updating.  Theoretical models that seek to explain cognitive 
effects of depression have remained largely unchanged for the past few decades (Gotlieb & 
Joormann, 2010).  Predominant explanations suggest that people who experience depression tend 
to demonstrate intrinsic cognitive biases toward stimuli such that they are more likely to attend 
to negative components (Ingram, 1984).  Additional theories suggest that people who experience 
depressive symptoms may expend more resources in processing emotional material so their 
available cognitive resources may be diminished (Siegle, Ingram, & Matt, 2002).  Therefore, the 
inability to redirect attentional focus may adversely affect processing efficiency of EF.   
In light of these affective-interference based hypotheses, recent research has investigated 
the propensity of cognitive deficits apparent in individuals who experience depression as they 
process emotionally neutral content.  However, much like research directed toward the effects of 
anxiety, there remains a lack of studies which specifically isolate updating (Snyder, Miyake, & 
Hankin, 2015).  Storage-based span tasks that have been used by many previous studies may be 
useful for overall assessment of processing effectiveness, but they inadequately explore 
processing efficiency (Conway et al., 2005).  For example, the dependent measure of commonly 
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used reading span tasks is the amount of successfully memorized words (performance 
effectiveness), rather than the RT to update those new words (processing efficiency).  While 
memorization of new information is one aspect of updating, the accuracy of that information 
does not reflect possible changes in how that information was processed.  
Comorbidity and WM updating.  Anxiety and depression are highly correlated (Stöber 
& Joormann, 2001).  Therefore, to further understand relationships between symptoms and 
processing efficiency, it is vital to ensure that any possible influences on WM updating are 
driven by a specific trait.  It is possible that, because Eysenck et al. evaluated anxiety apart from 
depression, influences of comorbid traits may have been overlooked.  To more clearly 
understand the effects of anxiety on WM updating, other aspects of mood need to be 
simultaneously evaluated.  Partialing out the effects of two highly correlated mood disorders is 
appropriate direction for the current study.  Observable effects on WM updating should be 
detected when controlling for anxiety and depression, respectively.   
The Current Study 
As illustrated in Figure 1, the present study employs a reaction time (RT) based 
dependent measure, modeled after the keep-track task used by Miyake et al., (2000), to 
determine if specific updating processes are systematically impacted by anxiety or depression.  
To perform well, subjects needed to interpret stimuli and determine its relevance, successfully 
delete no longer relevant information, and update newly relevant information.   
First, subjects were asked to memorize three words that were displayed on the screen 
(one word from three of six categories).  After the initial list of three words was memorized, a 
new individual word was presented while the categories remained unchanged, and thus a new 
trial began.  Subjects were then required to decide whether the new word was relevant to the 
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currently displayed categories (did the word belong to a displayed category?).  If the new word 
was relevant, the existing word from that category was to be forgotten and the new word 
remembered.  Thus, removal and revision of information in WM was necessary.  Once subjects 
completed the within-trial update they pressed a button to begin a new trial and display the next 
word.  This button press allowed for a ms accurate measurement of the RT necessary to complete 
updates.  Therefore, processing efficiency was measured, and any effects of anxiety or 
depression could be evaluated.   
After a certain number of words were presented (each trial length had 4, 7, 10, or 13 
words), a probe word was displayed.  There were three types of probe manipulation used.  
Probes belonged to one of the following categories: (a) a word that was most recently updated 
from a given category (MR); (b) a word that had been updated, but not most recently (NMR); 
and (c) a word that had not appeared in the current length of trials (novel).  Once this probe 
appeared, subjects pressed a button to indicate whether a probe word was updated most recently 
(MR) or not.  Most recent probes (MR) assessed the effectiveness of WM manipulation (deletion 
and rewriting).  Probe words that had been updated, but not most recently (NMR), allowed for 
evaluation of how effectively stimuli were deleted from WM.  Finally, trials with novel probes, 
where the word had not appeared in the current length of trials, allowed for a control condition 
because subjects should have been able to reject novel probes based on familiarity.   
Finally, after individuals responded to the probe word, they were asked to recall the most 
recently updated word from each of the three categories presented in the current length of trials.  
This additional probe offered an assessment of WM updating effectiveness.  In order to 
accurately recall the words, updates must have been effectively completed.  Recalling the three 
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most recently updated words was the last step for each length of trials.  When the next length of 
trials began, a new set of categories was displayed, and the process began anew.      
This study will explore three possible hypotheses.  First, RT for completing updates will 
be systematically influenced by anxiety and depressive symptoms such that subjects who report 
higher levels of trait anxiety or depression will complete within-trial updates more slowly than 
subjects who report lower levels of anxiety or depression symptoms.  Second, recall accuracy 
will not be affected by anxiety or depression.  There should be no significant differences in recall 
accuracy for individual probe recall, or final recall accuracy after each length of trials.  Lastly, 
any significant relationships will be driven only by a specific trait and not an underlying 
commonality between anxiety and depression.   




 Informed consent was obtained by 101 undergraduate students who participated for 
partial course credit.  To reduce undue influence of outliers, RT data and final accuracy from the 
WM updating task were analyzed with RTs greater than 10 s removed (< 1% of trials).  
Additionally, data from subjects who displayed final recall accuracy of less than 66%, or recall 
accuracy on any specific probe type less than 50%, were removed from the analysis.  These near 
chance levels of accuracy may have indicated that participants did not adequately understand, or 
lacked sufficient motivation to follow WM task instructions.  Our sample consisted of the 
remaining 91students (40 self-identified males, 1 preferred not to answer), with an age range of 
18-24 (M = 18.8, SD =1.25).  
Design  
Subjects performed  the WM updating task with 3 probe types (MR, NMR, and novel) 
and 4 different trial lengths (4, 7, 10, and 13 words).  The dependent variables in this study were: 
(a) RT to complete an update, (b) RT and accuracy for probe discrimination, and (c) final recall 
accuracy for the end of each length of trials.   
Materials  
Questionnaires.  Levels of anxiety were measured using the Beck Anxiety Inventory 
(BAI) (Beck, Epstein, Brown, & Steer, 1988).  The BAI asked subjects to rate 21 types of 
anxiety symptoms using a four point scale.  Higher reported values indicate subjects experience 
the symptom in question more severely than if they report lower values.  Trait depression was 
measured using the Beck Depression Inventory (BDI) (Beck & Steer, 1987).  The BDI uses a 21 
point scale to assess symptom intensity using similar methods to the BAI.  
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 Three additional questionnaires were administered.  The resulting data were not used in 
this study.  These additional metrics were the Pennsylvania State Worry Questionnaire (PSWQ) 
(Meyer, Miller, Metzger & Borkovec, 1990), the Habit Index of Negative thinking (HINT) 
(Ehring, 2008), and the Ruminative Responses Scale (RRS) (Ehring, 2008).  
WM updating task.  A modified version of the keep-track task used by Miyake et al. 
(2000) was employed to assess updating.  Six words from six categories were used throughout 
these trials.  One category consisted of proper nouns (countries), the remaining five consisted of 
common nouns (e.g. body parts, metals).  Word length ranged from 1-3 syllables.  No words 
were repeated within an individual length of trials.  For counterbalancing purposes, each set of 
four trial lengths (4, 7, 10, and 13 words) were considered as a single block of trial lengths.  
Therefore, this task used a total of 36 lengths of trials (9 blocks x 4 trial lengths).  The order of 
words, displayed categories, probed categories, probe types, and order of trial lengths were fixed 
for each block after initial randomization.
 1
  All items in the updating task consisted of nouns 
with neutral context in order to assure any that effects of anxiety or depression on WM updating 
were not confounded by emotional valence. 
As is shown in Figure 1, during a given length of trials, subjects first saw a list of three 
word categories.  A single word from each category was displayed above the category labels.  
Category labels were displayed in black and remained visible for the duration of a length of each 
trial.  The initial words from each category were displayed in blue letters and remained on the 
screen for 4500 ms.  During that time, participants were asked to remember the individual word 
from each category.   
After the three initial blue words disappeared, a single word was shown in the center of 
the screen.  Each individual word constitutes a single WM trial.  This word was displayed in 
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black, positioned in the center of the screen regardless of category affiliation, and remained 
displayed on the screen until the subject advanced to the next trial.  If the word belonged to one 
of the relevant categories, the participant was instructed to remember the new word and forget 
the previous word from that category (deleting no longer relevant information and completing a 
WM update).  If the word was not relevant to any of the displayed categories, the participant was 
instructed to ignore that word.  Once the appropriate WM update was completed, or the word 
was determined to be irrelevant, the subject pressed a button to advance to the next trial (the next 
single word).  For each length of trials, 50% of the words were relevant words (belonged to a 
displayed category), 50% were irrelevant words (did not belong to a displayed category).  Each 
block of trial lengths, was counterbalanced individually.   
After a certain number of individual trials were presented (4, 7, 10, or 13 words), a probe 
cue was displayed over a specific category.  This cue remained on the screen for 1000 ms and 
prompted subjects to begin thinking about the most recent word from the highlighted category.  
After the cue, a probe was displayed in the same location as the cue.  As previously mentioned, 
there were three probe types; updated most recently (MR), updated, but not most recently 
(NMR), and novel.  Subjects were asked to determine whether or not the probe word was the 
most recent update, and then press one of two specific buttons to indicate their decision (MR or 
not).  The probe word remained on the screen until the decision button was pressed.  33% of the 
probe words were from the most-recent category, 33% were from a word that had been updated 
over, and 33% were novel words.  Probe types were designed to evaluate the processes of 
deleting relevant information, remembering new information, or how effectively a subject 
decides if the information was irrelevant to the currently displayed categories.   
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Finally, after the subject indicated their probe response, another cue was presented in the 
center of the screen.  This cue consisted of a single word, “Recall”.  At this point subjects were 
instructed to verbally repeat the most recent word from each category.  The experimenter 
recorded these responses on an answer sheet.  Once the responses were recorded, the 
experimenter began the next length of trials.   
Procedure  
Each session took approximately 60 minutes.  First, subjects completed the modified WM 
updating task.  Then a second task was administered that focused on a different EF, shifting, and 
this task will be the focus of another student’s honors thesis project.  After the two cognitive 
tasks, subjects completed a six item demographic questionnaire, followed by the five clinical 
measures discussed above.  All tasks were administered on a Macintosh computer.  The WM 
task was programmed using PsyScope 1.2.5, and the questionnaires were administered using 
Qualtrics, an online survey-builder (Cohen, MacWhinney, Flatt & Provost, 1993).  RT for WM 
responses was collected using a ms-accurate button box.  End of trial length recall responses 
were hand-recorded by the experimenter.   
Preliminary Data Analysis 
 To improve the distributional characteristics of questionnaire, RT, and accuracy data, all 
analyses were completed using logarithmic and arcsine transformed data, respectively.  These 
analyses revealed the same results as the non-transformed data.  The RT and accuracy data 
presented below were compiled using the transformed data.  Tables show back-transformed 
values to present mean, RTs, and accuracy scores in a meaningful format.  Questionnaire data 
were treated as continuous variables in these analyses. 
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Results 
Questionnaires   
 Descriptive statistics for questionnaire measures are summarized in Table 1.  Mean 
reported levels of depression and anxiety were fairly low for this sub-clinical sample.  The 
significant correlation between results from the BAI and BDI, r = .63, highlighted the need to 
ensure possible influences of anxiety or depression were unique, and not driven by the other trait.   
Within-Trial Updating RT   
 ANOVA analysis was conducted on RT and accuracy data to determine if there were 
differences between relevant words that prompted subjects to complete an update compared to 
irrelevant words, which required no update.  The primary model collapsed across the 4 word list 







).  A second analysis was performed to determine if list length or presentation position were 
related to update RT and accuracy on the two different trial types.    
 Experimental effects.  Unsurprisingly, ANOVA analysis indicated that RT for trials 
where an update was necessary were significantly slower than RT for trials with irrelevant 
words, F(1,90) = 429.06, p <.001, ηp 
2 
= .83.  Table 2  illustrates that mean RTs for trials which 
required subjects to update one of the three cued categories were about 600 ms slower than 
irrelevant trials, where no update was necessary.  Table 2 also shows RTs and standard 
deviations for updated and not updated words by specific presentation position. 
Additional ANOVA analysis indicated that there were small but significant differences in 
RT for updates depending on the presentation position of the category from which the word was 
drawn (1st, 2nd, or 3rd position), F(2,90) = 6.72, p = .002, ηp
2 
= .07.  Notwithstanding, order 
effects were not a target of this research inquiry, and these effects were small in comparison to 
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the difference between within-trial updates and irrelevant word RTs.  Therefore, position effects 
were collapsed into the mean update RTs and are not discussed further.   
Effects of anxiety and depression.  Appendix A reports data compiled from a model 
that controlled for anxiety and depression.  Analysis of variance on RTs across both trial types 
(updated vs. not updated) demonstrated no main effect of anxiety, F(1,87) = 1.04, p = .311, ηp
2 
 = 
.01.  There was a significant main effect of depression for both trial types, but, the effect size was 
small, F(1,87) = 4.68, p = .033, ηp
2 
 = .05.  Figure 2, which uses a frequently cited procedure 
developed by Aiken and West (1991), depicts the slight increase in RT for individuals who were 
1 SD above (high anxiety) the mean score on the BAI compared to those who were 1 SD below 
(low anxiety) the mean BAI score.  This same figure shows the effects of depression were such 
that subjects who rated higher on the BDI responded to updates more quickly than those subjects 
whose BDI score was lower.   
Post hoc of analyses for updated words evaluated RT as a function of anxiety.  There was 
no significant effect of anxiety, on RT in the context of the full model F(1,87) = .28, p = .596, 
ηp
2 
 < .01.  Additional regression analysis indicated no significant effect of depression, when 
controlling for anxiety, on RT for trials which contained within-trial updates, F(1,87) = 2.37, p = 
.127, ηp
2 
= .02.    
When the effect of anxiety on RT for response to irrelevant words, controlling for 
depression, was evaluated, analysis indicated there was no significant effect of anxiety, F(1,87) = 
.81, p = .370, ηp
2 
= .01  However, there was a marginally significant effect of depression, when 
controlling for anxiety, on RT for trials where the word was irrelevant to the displayed 
categories, F(1,87) = 2.99, p = .087, ηp
2
 = .03.   
RT for Probe Responses  
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 RT for probe responses was evaluated for the end of each length of within-trial updates.  
List lengths and presentation positions were again collapsed into these analyses.  Mean RTs for 
these analyses (including list length breakdown) are shown in Table 3.  In effort to further 
explore the possible relationship between anxiety and depression on processing efficiency, 
differences in RT for responses to specific probe types were evaluated in the context of a model 
which controlled for anxiety and depression.  
Experimental effects.  Omnibus analysis of variance indicated there was a significant 
effect of probe type on RT response, F(2, 90) = 68.08, p <.001, ηp
2 
= .43.  Specifically, RT for 
novel probe words was significantly slower than probes where the word was the most recently 
updated (MR), F(1,90) = 52.82, p < .001, ηp
 2 
=.39.  Response to novel probe words were faster 
than probes where the word had been updated, but not most recently (NMR), F(1,90) = 33.23, p 
< .001, ηp 
2 
=.27.  RT responses for MR probe words were significantly faster than RT for NMR 
probe words, F(1,90) = 93.37, p < .001, ηp 
2 
=.51.  These results suggest it was easiest to respond 
to words that had been updated most recently and most difficult to respond to probe words that 
had been updated, but not most recently (NMR).   
Anxiety and depression on probe response RT.  In the context of the full model, 
analysis of variance indicated no main effect for anxiety on RT for probe responses, F(1,87) = 
1.34, p = .250, ηp 
2 
< .01.  Analysis of variance also indicated a lack of effect for depression on 
RT for probe responses, F(1,87) = 3.53, p = .064, ηp 
2 
=.04.    
Further analyses demonstrated there was no significant influence of anxiety, on RT for 
probes where the word was updated most recently (MR),  F(1,87) = .92, p = .340, ηp 
2 
= .01, on 
probes words where the word was not the most recently updated (NMR), F (1,87) = 1.38, p = 
.243, ηp 
2
= .02, or novel probe words, F (1,87) = .47, p = .494, ηp 
2
< .01.  
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There was no significant influence of depression on RT for MR probes, F(1, 87) = 1.80, p 
= .184, ηp 
2
= .02, on NMR probes words,  F(1,87) = 2.76, p = .100, ηp 
2
 = .02, or novel probe 
words,  F(1,87) = 2.33, p = .247, = ηp
2  
= .02.  These results suggest that the processing efficiency 
for probe response was not affected by depression or anxiety.   
Accuracy on Probe Responses  
Accuracy was evaluated to ensure effective within-trial updates were occurring for each 
specific probe type, regardless of list length and presentation position.  Mean accuracy responses 
for probe type by list length can be found in Table 3.  As before, the relationship between anxiety 
and depression on accuracy responses for specific probe types was evaluated using models that 
controlled for anxiety and depression. 
Experimental effects.  Omnibus ANOVA results for final accuracy by probe type 
indicated there was a significant main effect of probe type on mean accuracy scores, F(2,90)  = 
9.82,  p < .001, ηp 
2 
= .10.   This difference was such that subjects were more accurate on novel 
probes than most recently updated probes (MR), F(1,90) = 19.42, p = <.001, ηp 
2 
=.18,  and not 
most recently updated probes (NMR) F(1,90) = 13.64, p < .001, ηp 
2 
=.13.  There was no 
significant difference in accuracy between MR and NMR probes, F(1,90) = .00, p = .968, ηp 
2 
<.01.  The lack of difference between novel probe responses and MR responses may indicate a 
different probe effect on accuracy compared to RT in the form of a speed/accuracy trade-off.   
There were additional effects of list length on probe RT and accuracy, but given the small 
effect size, list length was collapsed into mean RT and will not be discussed further. 
Anxiety and depression on probe response accuracy.    Analysis of variance indicated 
no main effect of anxiety on accuracy, across probe types, F(1,87) = .61, p = .439, ηp 
2 
<.01.  
Regression analyses indicated no significant relationship between anxiety and recall accuracy for 
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most recently updated probes (MR), F (1,87) = 1.29, p = .259, ηp 
2
 = .01,  on probe words that 
were not most recently updated (NMR), F(1,87) = .19, p = .665, ηp 
2
 < .01, or novel probe words,  
F(1,87) = 1.13, p = .291, ηp 
2
  = .01.    
ANOVA results indicated no significant effect of depression on recall accuracy on probe 
type, F(1,87) = .07, p = .793, ηp 
2 
<.01.  Further analysis and found no significant effects of 
depression on accuracy for MR probes, F(1,87) = .06, p = .808, ηp 
2
 < .01,  NMR probe words, 
F(1,87) = <.02, p = .875, ηp 
2
 < .01,  or novel probe words, F(1,87) = .56, p = .458, = ηp 
2
 < .01.  
These results suggest that neither anxiety nor depression influence performance effectiveness on 
end of trial recall accuracy.   
End of Trial Length Recall Accuracy   
Lastly, accuracy was examined for final recall at the end of each length of words, 
collapsing across presentation position, and whether or not the category had been updated.  Mean 
and standard deviation accuracy scores are reported in Table 4.  As with all previous analysis, 
possible influences of anxiety and depression were evaluated using a model which evaluated 
each controlling for the other.   
Experimental effects.  There was a significant difference in overall recall accuracy for 
each list length, F(1,90) = 3.03, p = .030, ηp 
2 
=.03 .  Although these differences were significant, 
the effect size was small.  Further analysis indicates the difference was driven specifically by 
trials from length 7.  Probes from list length 7 were significantly less accurate than probes from 
length 4, F(1,90) = 2.39, p = .126, ηp 
2 
= .03,  length 10, F(1,90) = 6.67, p = .011, ηp 
2 
=.07, and 
probes from length 13, F(1,90) = 8.20, p = .005, ηp 
2 
= .08.  There was no difference in accuracy 
between probes that originated from list lengths 4, 10, and 13, F(2,90) = .918, p = .401, ηp 
2 
= 
.01.  No other two way comparisons between the four list lengths were significant.  Fs (1,90) < 
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2.39, ps > .125, ηp 
2 
< .03.  The effect size of list length was small, so accuracy analyses 
collapsed across list length.   
Anxiety and depression on end of trial accuracy.  Appendix A shows results from 
analysis of final, end of trial, accuracy as a function of anxiety, controlling for depression, and 
found no significant relationship, F(1,87) = .57, p = .451,  ηp 
2 
= .01.  Depression did not show a 
significant effect on end of trial accuracy when controlling for anxiety, F(1,87) = .34, p = .561, 
ηp 
2
 = .01.  These results further emphasize the lack of effect on performance effectiveness 
stemming from anxiety or depressive symptoms.   
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Discussion 
Primary Results of This Study 
 This study used RT and accuracy based measures to examine three hypotheses regarding 
the relationship between anxiety, depression and WM updating.  Analysis of our first hypotheses, 
that RT for completing within-trial updates would be slower for subjects who reported higher 
levels of anxiety symptoms, showed that there was no significant relationship between anxiety, 
RT, and WM updating.  On average, subjects who experienced higher levels of anxiety were able 
to complete WM updates as efficiently as those who experience lower levels anxiety.  While 
anxiety was not shown to be systematically related to update RT, there was a marginally 
significant effect of depression on RT for trials where the displayed word was not relevant to the 
currently shown categories.  Specifically, those who reported higher levels of trait depression 
responded more quickly to irrelevant trials compared to those who experience lower symptoms 
of depression.   
 Analyses indicated no significant effects of anxiety or depression on accuracy for the end 
of individual trial length recall, or final accuracy for all trial lengths.  This supports previous 
findings of ACT and Goltlib & Joormann (2010), as well as our hypothesis, which suggests that 
anxiety and depression are not systematically related to performance effectiveness of WM 
updating.  Lastly, the third hypothesis put forth in this study was justified by the results in that 
the effects on processing efficiency of WM updating were driven by one individual mood trait 
and not another.  
 It is important to discuss implications of these findings within the context of limitations 
of this study.  Data collection is ongoing, and it is possible that when our sample is increased the 
significant relationship between depression and trials where the presented word was not relevant 
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to the displayed categories may not be detected.  It may also be that the trend of slower within-
trial update RTs exhibited by subjects with higher levels of trait anxiety might become more 
apparent.  Additionally, our sample reported sub-clinical levels of anxiety and/or depression.  
Possible influences on WM updating may be different when examined in a sample of more 
severely affected individuals.    
Implications 
Anxiety and WM Updating.  Subjects who reported higher levels of anxiety did not 
perform differently on this task compared with subjects who reported lower levels of anxiety.  
This finding supports the notion put forth by ACT; processing efficiency and performance 
effectiveness of WM updating do not appear to be systematically related to trait anxiety under 
emotionally neutral conditions.  This is important because, when compared to other research on 
the relationship between mood traits and EFs, it suggests that cognitive deficits may be more 
related to shifting and inhibition.  Additionally, analyses from this study support the notion that 
the performance effectiveness of updating is not impaired by anxiety.  Individuals who 
experience anxiety should be able to update mental information as accurately as those who do 
not experience anxiety.  
While this study failed to replicate the work of Gustavson and Miyake (2016), it is worth 
noting that there are important differences between the two studies.  The current study placed a 
premium on several within-trial aspects of WM updating (evaluating relevance, deletion and 
rewriting of appropriate information).  Gustavson and Miyake (2016) specifically isolated the 
deletion of no longer relevant information by asking subjects to memorize separate lists of words 
and then delete one of those lists based on a cue.  The current study asked subjects to decide the 
relevance of each word individually based on category distinction.  Perhaps more importantly, 
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the task used by Gustavson and Miyake (2016) did not require within-trial updates.  Rather, the 
emphasis of their study was the effective deletion of WM contents.  Perhaps the previously found 
relationship between anxiety and WM updating is limited to a distinct mechanism within the EF, 
and therefore the current study was unable to detect the specific influences.  
Depression and WM updating.  In this sample, depression was related to trials where 
the word was irrelevant to the presented categories, such that individuals with higher levels of 
depressive symptoms reacted faster than subjects with lower levels of depression.  These results 
remain unclear.  It is possible that this relationship was spurious.  It is also possible that a new 
relationship between the processing efficiency of updating and depressive symptoms has been 
brought to light.  However, data collection is ongoing.  If this surprising relationship remains 
after the analysis of approximately 80 additional subjects; it could be related to previous work 
which explores the relationship between depressive rumination, preparatory behaviors and 
problem solving (Watkins, 2008).  Given the highly structured format of the current study, 
perhaps the mental inflexibility thought to accompany depression allowed for subjects to adjust 
to a specific task demand more efficiently.  Subjects may have been able to maximize use of 
attentional focus necessary to decide what information is relevant and not relevant. 
Additionally, while there was no main effect of depression on probe type, there was an 
influence of depression on probe type such that RT for probes where the word was most recently 
updated (MR) was marginally faster than other probes where the word was not the most recently 
updated  (NMR or novel).  Again, this could be related to mental inflexibility.  Information 
currently stored in WM may have been easier to tap compared to information that was not 
currently active in WM.   
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Comorbidity and WM updating.  Analyses were conducted by evaluating the separate 
influences of anxiety and depression on WM updating.  As a result, this study was able to 
determine that significant effects were driven by a specific trait.  Importantly, the individual 
effects were not strengthened, or diminished, by underlying influences.  This may suggest that 
deficits in EFs are related to unique aspects of mood disorders rather than combined factors.   
Future Directions and Concluding Remarks   
This study focused on several aspects of WM updating along with trait anxiety and 
depression.  A systematic relationship with certain facets of updating was detected.  Given that 
this sample indicated a trend (albeit not significant) such that updates RTs from subjects with 
higher levels of anxiety were slower compared to the RTs of subjects with lower levels of 
anxiety, future research may benefit from using diverse updating tasks.  Tasks which emphasize 
varying cognitive mechanisms, such as updating of spatial information or auditory stimuli, may 
demonstrate different results when compared to this task that used reading comprehension.  
Results from this study further emphasize the need to study distinct features of both WM 
updating, and mood disorders.  Given the comorbid nature of anxiety and depression with other 
disruptive traits (i.e., rumination and worry; Watkins 2008) further analysis should evaluate these 
relationships with careful attention to underlying interactions.  Traits that are known to 
accompany depression and anxiety (rumination, or mind wandering; Watkins 2008) may yield 
further insight into how mental inflexibility affects updating.   
Lastly, there could be underlying relationships between trait and state mood symptoms.  
To clarify future results, the effects of trait mood effects should be evaluated while controlling 
for possible state effects.  This would help to ensure that possible influences are not a result of a 
short term mood disruption, but rather a difference in trait.      
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Footnotes 
1 Due to an error in programming, the counterbalance of probe manipulations became such that 
there was no probe for the most recently updated word (MR) in the 2
nd
 presentation position for 
list length 10, and an extra probe for the updated word which was not the most recent (NMR) in 
2
nd
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Table 1 
Descriptive Statistics for Questionnaires                                                                                                                                                                                                                                                                                             
Measure      M        SD          Range           Skewness           Kurtosis         Reliability                   
BAI                     1.77      0.61       1 – 3.43              0.82                -0.20                 .95                                    
BDI                     1.68      0.57       1 – 3.52              1.47                 2.21                  .93                                                                      
Note: Analysis of the Beck Anxiety Inventory (BAI), and Beck Depression Inventory (BDI) was 
computed using back-transformed logarithm scores, and results were displayed in z-transformed 
format, consistent with Aiken and West (1991).  Reliability was measured using Cronbach’s 
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Table 2 
Experimental Results: Means for Within-Trial Updates for the Working Memory Task 
Probe Location   
                M (SD) 
Irrelevant Trials                       1,442 (352) 
Update Trials (MR, NMR)        2,077 (584) 
       1
st
 Position  2,118 (598)       
       2
nd
 Position    2,046 (602)   
       3
rd
 Position                       2,068 (600) 
Note: RTs (ms) for updates each category based on presentation position.  The RT was averaged 








TRAIT ANXIETY, DEPRESSION AND WM UPDATING                                                      28 
 
Table 3: 
Experimental Results: Probe RT and accuracy  
      List Length                      Probe Type 
         Yes (MR)                     No (Novel)   No (NMR)  
                                                       M   (SD)                    M   (SD)                   M  (SD)  
  
Reaction Time in ms  
Length Average                           1326 (370)               1439 (430)              1574 (440)    
         Length 4                             1,366 (518)              1,378 (497)             1,957 (629) 
         Length 7                             1,226 (418)              1,226 (418)             1,521 (433) 
         Length 10                           1,287 (405)              1,523 (491)             1,526 (520)  
         Length 13                           1,483 (501)              1,465 (452)             1,449 (573)      
Accuracy (% Correct)      
 Length Average                            95.8 (7.7)                  98.5 (5.2)               95.8 (7.6)   
          Length 4                             96.7 (11.2)                96.3 (13.6)              93.4(18.1) 
          Length 7                             96.3 (10.5)                  99.3 (4.9)             95.2 (12.7) 
          Length 10                           95.6 (19.2)       99.6 (3.5)               96.7 (9.3)            
          Length 13                 94.5(14.3)       98.9 (5.9)              97.4 (10.2) 
Note:  Mean RT and accuracy was measured across each probe type.  Results were collapsed 
across presentation position and list length of each trial.  
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Table 4 
Experimental Results: Final Recall Accuracy  
List Length   M    (SD) 
Length Average                   94.1  (6.4) 
        Length 4 94.0  (8.2) 
        Length 7 95.4  (6.4) 
        Length 10 94.0  (7.5) 
        Length 13 94.1  (6.3) 
Note: Final accuracy measured for each trial length, collapsing across probe type and 
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Figure 2: (A)The effect of anxiety, controlling for depression, on the RT to complete within-trial 
updates, (B) and the effect of depression, controlling for anxiety, on the RT to complete within 
trial updates.  High anxiety and low anxiety are one SD above and below the mean, respectively.  
Anxiety was measured by the Beck Anxiety Inventory (BAI).  Depression was measured by the 






























Effects of Depresion on Within-Trial Updates 
BDI -1
BDI +1
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Appendix A 
ANOVA results for the effect of anxiety and depression on within-trial updates, probe response, and accuracy.                                                                                                                             
                                                                                       RT                                                                      Accuracy                                                                                                                                                                                     
Variable                                                       F                   p                 ηp 
2
                                       F                 p               ηp 
2
                                               
Relevant vs Irrelevant                                      
       x  Anxiety              .18 (1, 87) .665 .002                                      
       x  Depression             .01 (1, 87) .928 <.001           
   Main Effect  
         Anxiety           1.04 (1, 87) .311 .012                                 
         Depression      4.68 (1, 87) .033 .051                                  
                                                            
Probe Type                                
       x Anxiety     .30 (1,87) .738 .003 .31 (1, 87) .736 .004                                                                            
       x Depression                      .28 (1,87) .760 .003 .11 (1, 87) .896 .001       
    Main Effect  
        Anxiety 1.34 (1, 87) .250 .015    .61 (1, 87) .439 .007                                      
        Depression              3.53 (1, 87)              .064 .039 .07 (1, 87) .793 .001 
 
Final Accuracy  
 x Anxiety 1.25 (3, 87) .209 .017  
 x Depression .36 (3, 89) .786 .004 
